ABSTRACT The American dog tick, Dermacentor variabilis (Say) (Acari: Ixodidae), has been implicated as a potential bridging vector to humans of Francisella tularensis, the etiological agent of tularemia. Since the initial studies evaluating vector competency of D. variabilis were conducted, F. tularensis has been subdivided into subspecies and clades that differ in their geographical distribution in the United States and in the severity of infections caused in humans. Here, we demonstrate that D. variabilis nymphs efÞciently acquire, transtadially maintain, and transmit each of the strains tested (clades A1b and A2, and type B). Transmission efÞciency by adult females was similarly high among infection groups and ranged from 58% for type B to 89% for A2 infections. In addition, we demonstrated that transmission can occur shortly after tick attachment. These Þndings support the concept that D. variabilis adults may play a signiÞcant role in epizootic transmission of F. tularensis, and as a bridging vector to humans.
Tularemia is a primarily tick-borne bacterial zoonosis caused by Francisella tularensis. Humans can become infected with F. tularensis through multiple routes, including exposure through infectious insect or tick bites, contact with infectious animals or animal carcasses, ingestion of contaminated food or water, or through inhalation of infectious aerosols (Hopla 1953 , Jellison 1974 , Ellis et al. 2002 , Hayes 2005 . In the United States, most persons acquire tularemia by two routes of transmission: either from arthropod bites, particularly tick bites, or from contact with infected animals, primarily rabbits (Staples et al. 2006) .
Tularemia in the United States is caused by two subspecies of F. tularensis; F. tularensis tularensis (also referred to as type A) and F. tularensis holarctica (type B) (Jellison 1974 , Choi 2002 . Type A strains have recently been further subdivided into three clades, A1a, A1b, and A2, which differ in their geographic distributions and in the severity of human illness (Staples et al. 2006 , Kugeler et al. 2009 ). Comparisons in mice indicate that A1b strains are most virulent, type B strains seem the least pathogenic, and A1a and A2 strains are intermediate (Molins et al. 2010) . Type B infections have been reported across the United States, but A1 and A2 clades are typically conÞned to east or west of the Rocky Mountains, respectively, with some geographic overlap in California (Farlow et al. 2005 , Staples et al. 2006 . A recent study demonstrated that A1 strains also occur in the intermountain west and that at very local scales, A1, A2, and type B infections can circulate in the same local epizootic (Petersen et al. 2008) .
The American dog tick, Dermacentor variabilis (Say) (Acari: Ixodidae), particularly the adult stage, has been implicated as a key bridging vector of F. tularensis to humans for several reasons (Eisen 2007 ). First, the geographic distribution of D. variabilis is concordant with states reporting the highest incidence of tularemia (Eisen 2007) . Second, both type A and type B infections have been identiÞed in naturally infected adult D. variabilis that were collected either in association with human cases of tularemia or in areas of high disease incidence (Saliba et al. 1966 , de la Cruz et al. 1984 , Goethert et al. 2004 ). Third, D. variabilis adults are known to bite humans, and the seasonal peak abundance of host-seeking adults coincides with the onset of most human cases of tularemia (Eisen 2007) . Finally, vector competency has been demonstrated experimentally for D. variabilis with F. tularensis (Phillip and Jellison 1934, Bell 1945) . Currently lacking however are estimates of transmission efÞciency of F. tularensis clades and subspecies by adult D. variabilis; thus, knowledge about the risk this tick species poses to humans with respect to acquiring tularemia is unknown.
Previously, we demonstrated that nymphal D. variabilis are poor vectors of F. tularensis , in part because these bacteria kill immature ticks before they can transmit tularemia bacteria to vertebrates . The adult stage of D. variabilis is however the principal human-biting stage (Smith et al. 1992) . Therefore, to more clearly elucidate the role of D. variabilis adults in the transmission of F. tularensis, we compared among F. tularensis A1b, A2, and type B strains the ability of D. variabilis to 1) become infected during nymphal feeding on bacteremic mice, 2) maintain the infection through the transtadial molt from nymph to adult, and 3) transmit the bacteria at the adult stage to a susceptible mouse. We also evaluated the differences in survivorship between adults infected with A1b, A2, type B, and uninfected adults.
Materials and Methods
Ticks, Bacterial Strains, and Mice. D. variabilis nymphs (Ϸ14 d postlarval molt) and adult males (Ϸ1 mo postnymphal molt used to promote female attachment) were obtained from the Oklahoma State University tick rearing facility (Stillwater, OK). The colony originated with ticks collected from Stillwater. The bacterial strains used in these experiments included F. tularensis tularensis (type A) clade A1b (strain MA00-2987), clade A2 (strain WY96-3418), and F. tularensis holarctica (type B) (strain KY99-3387) . Swiss Webster mice were obtained from a speciÞc pathogen-free colony maintained at the Division of Vector-Borne Diseases, Centers for Disease Control and Prevention, Fort Collins, CO. All animal methods were approved by Division of Vector-Borne Diseases Institutional Animal Care and Use Committee (protocol 08-003).
Infecting Nymphal D. variabilis With F. tularensis A1b, A2, and Type B. Bacterial strains were subcultured from stocks stored at Ϫ70ЊC onto cysteine heart agar with 9% chocolatized sheep blood (CHAB) and incubated at 35ЊC for 48 h. After an additional subculture and 24 h of incubation, bacteria were suspended in 0.85% NaCl, diluted to Ϸ1.0 ϫ 10 3 colonyforming units (cfu)/ml, and mice were inoculated subcutaneously with 100 l (Ϸ100 cfu; Eisen et al. 2009 ). The concentrations of the inocula were conÞrmed by plating bacteria in duplicate on CHAB and counting cfu after 48 Ð72ϭh incubation at 35ЊC.
Before infesting with nymphs, female Swiss Webster mice were anesthetized with a ketamine HCl (50 Ð75 mg/kg) and medetomidine (1 mg/kg) mixture diluted in phosphate-buffered saline at 0.01 l/g body weight. A small area on the dorsal surface between the scapulae was shaved and a plastic feeding capsule was glued to the skin by using a mixture of 3 parts colophony resin (Kramer Pigments Inc., New York, NY) and 1 part beeswax (Soares et al. 2006) . The feeding capsules were created by cutting a 15-ml conical tube (Nalgene, Rochester, NY) with a hot scalpel at the 13-ml marker. The opening of the tube through the 13-ml line was used as the capsule. Twelve to 15 nymphs (Ϸ14 d postlarval molt) were placed into each capsule with Þne forceps and the lid (with slits for airßow) was tightened onto the capsule. The effects of the medetomidine were reversed with a subcutaneous administration of atipamezole (5 mg/kg; 0.01 l/g body weight) (Hahn et al. 2005) . To optimize the likelihood that the period of rapid engorgement would coincide with the timing of the peak bacteremia in the mice for the A1b and A2 trials, nymphs were applied to mice 48 h before inoculation with F. tularensis, and in the type B trials, the mice were infested 24 h before inoculation with F. tularensis (Eisen et al. 2009 ).
Infested mice were housed individually in microisolator cages (21ЊC and 50% RH). Mice were suspended over a small amount of water on a wire mesh cage bottom until 5Ð 6 d postinfection (dpi). Once nymphs attached, the lid of the capsule was removed to prevent buildup of moisture. Replete nymphs were collected from water pan traps twice daily. When mice showed signs of illness (e.g., rufßed fur, hunched posture), they were euthanized and whole blood was collected by cardiac puncture. Blood was diluted in 0.85% NaCl solution, plated in duplicate on CHAB, and placed in a 35ЊC incubator for 48 Ð72 h. Bacteremia was estimated based on cfu counts.
Replete nymphs were placed in 8-ml sample vials (Wheaton, Millville, NJ) with a piece of mesh covering the opening and stored in a desiccator jar at 24ЊC, 95% RH, and a photoperiod of 16:8 (L:D) h in a bioclimatic chamber (Percival ScientiÞc, Perry, IA). Once the nymphs molted to adults, Ϸ30 dpi, the adults were moved to a desiccator jar in a 22ЊC bioclimatic chamber, 95% RH, with a photoperiod of 16:
Evaluation of Ability of Adult D. variabilis to Transmit F. tularensis. Approximately 65 dpi, females previously infected with F. tularensis as nymphs, were placed onto susceptible Swiss Webster mice (25 males and 25 females; age, Ϸ6 wk). Mice were anesthetized as described above, and one female (exposed to F. tularensis as a nymph) and one uninfected male tick that was never exposed to infected mice were placed into an enclosed feeding capsule; female D. variabilis will only feed efÞciently on hosts in the presence of males.
Forty-eight to 72 h after the ticks were placed into the capsule on the mouse, the lid of the capsule was removed and tick attachment was conÞrmed. The lids to the capsules were replaced once the female began the period of rapid engorgement to prevent the mouse from consuming the replete tick after drop-off. Ten to 14 d postattachment, replete adults were collected from the capsules. Adult ticks not actively feeding by 14 d after attachment were removed from mice with Þne forceps. Mice were euthanized when signs of infection were apparent, at which time if ticks were still attached they were removed with Þne forceps. All collected ticks were stored individually in Eppendorf tubes at Ϫ70ЊC, and the infection status determined using the methods described below. After drop-off or tick removal, mice were housed individually and ob-served for 14Ϫ19 d after which time they were euthanized if signs of infection were not evident earlier.
Euthanized mice showing signs of illness were necropsied, and spleen and liver tissues were surgically removed and tested by direct ßuorescent antibody staining and culture . For euthanized mice surviving 14Ϫ19 d after drop-off or tick removal, Ϸ200 l of blood was collected by cardiac puncture and tested for antibodies to F. tularensis by using the microagglutination assay .
Evaluation of F. tularensis Infection Status in D. variabilis. F. tularensis infection in ticks was determined at 24 h postnymphal drop-off and just after the adult bloodmeal. The nymphs and adults were stored individually in Eppendorf tubes at Ϫ70ЊC for Ͼ1 h before they were triturated with a pestle (Scienceware, Pequannock, NJ) in 500 l for the replete nymphs and 200 l for ßat adults of bovine heart infusion (BHI) broth (Becton, Dickinson, and Company, Sparks, MD) and 10% glycerol (Thermo Fisher ScientiÞc, Waltham, MA). Replete adults were frozen at Ϫ70ЊC for at least 1 h and then triturated in 1 ml of BHI broth (Becton, Dickinson, and Company) and 10% glycerol (Thermo Fisher ScientiÞc) in a Stomacher 80 micro Biomaster (Seward, Bohemia, NY) for 1.0 min. Triturated ticks were serially diluted to 10 Ϫ7 in 0.85% NaCl, and 100 l of the 10 Ϫ6 and 10 Ϫ7 dilutions were plated in duplicate on CHAB supplemented with 80,000 U of polymyxin B, 2.5 mg of amphotericin B, 4 mg of cefepime, 100 mg of cyclohexamide, and 4 mg vancomycin per liter ) and incubated at 35ЊC for 72Ð96 h. Bacterial loads were estimated based on cfu counts with a minimum detection limit of Ϸ100 cfu/ml.
Comparison of Survival Rates and Size of Uninfected and F. tularensis-Infected D. variabilis Adults. For D. variabilis uninfected controls, 25 uninfected Swiss Webster mice were infested with 12Ð15 nymphs (Ϸ14 d postnymphal molt) and replete nymphs were collected and maintained as described above. Tick survival rates were determined per infection group (uninfected, A1b-, A2-, and type B-infected) by dividing the number of surviving male and female adults 65 dpi by the total number of adults analyzed. In addition, replete females were weighed, and the scutal index was determined. The scutal index used in this study is the ratio between the length of the alloscutum and the width of the scutum. As a tick feeds, the scutum measurement remains constant, whereas the alloscutum increases during feeding. The replete female adults were viewed using a SteREO Discovery V.12 stereoscope (Carl Zeiss Microimaging, Thornwood, NY), and scutum and alloscutum measurements were calculated using AxioVision Rel. 4.7 software (Carl Zeiss Microimaging).
Statistical Analyses. The proportions of adults that survived to critical time points, attached to sentinel mice, were infected with F. tularensis and transmitted bacteria to sentinel mice were compared among infection groups by using contingency table analyses. Median bacterial loads in replete adults, weight, and scutal indices in replete females were not normally distributed and thus were compared among infection groups using KruskalÐWallis or MannÐWhitney U tests. The proportions of ticks attached to mice between uninfected and each infection group were compared using FisherÕs exact test. All statistical comparisons were run using JMP statistical software (SAS Institute, Cary, NC), and comparisons were considered signiÞcant when P Ͻ 0.05.
Results
Acquisition of F. tularensis by D. variabilis Nymphs and Transtadial Transmission. Mice used to infect D. variabilis nymphs with F. tularensis achieved an average terminal peak bacteremia of 9.11 log 10 cfu/ml (SD ϭ 0.319, n ϭ 24), 9.57 log 10 cfu/ml (SD ϭ 0.348, n ϭ 34), and 10.11 log 10 cfu/ml (SD ϭ 0.386, n ϭ 25), for A1b, A2 and type B strains, respectively. The majority of nymphs fed to repletion and dropped off of the A1b-infected mice 24 Ð36 h before peak bacteremia, whereas replete nymphs dropped off of the A2-and type B-infected mice at 24 h before or the day of peak bacteremia.
One day after the feeding, replete nymphs were tested to conÞrm acquisition of F. tularensis. Infection prevalence ranged from 71% (n ϭ 14) for A1b infections to 100% for A2 and type B infections (n ϭ 6 and 16, respectively). The seemingly lower A1b infection prevalence may have resulted because nymphs exposed to A1b-infected mice dropped off before the peak bacteremia and were probably exposed to much lower bacterial concentrations; ticks testing negative may have been infected, but the bacterial burden was below our level of detection. Transtadial transmission was observed for each infection group and the prevalence of infection was similar across infection groups at 30 dpi, which was just after the molt from nymphs to adults (A1b: 71%, n ϭ 24; A2: 91%, n ϭ 22; and type B: 88%, n ϭ 16). Infections were maintained in the adults up to 65 dpi when they were allowed to feed on a mouse; again, no statistically signiÞcant differences in percent infected were observed among infection groups (A1b: 73%, n ϭ 22; A2: 80%, n ϭ 25; and type B: 90%, n ϭ 20).
Survivorship and Transmission of F. tularensis A1b, A2, and Type B by D. variabilis Adults. F. tularensis infection seems to have had little impact on survivorship of D. variabilis adults. No differences in the proportion of ticks that survived to 65 dpi was detected among A2 (95%, 167/176) or type B-infected adults (90%, 198/219) compared with uninfected adults (92%, 128/139). Although survivorship was signiÞ-cantly lower for A1b-infected adults compared with all other groups (82%, 130/159; 2 Յ 5.92, df ϭ 1, P Ͻ 0.01), Ͼ80% of infected adults remained alive at 65 dpi.
For transmission experiments with the three F. tularensis infection groups, Ϸ50 mice were infested with a single adult D. variabilis female that was exposed to F. tularensis as a nymph and an uninfected male. The proportion of females that attached to mice was similar between uninfected and A1b-infected ticks, but compared with uninfected females, A2-and type B-in-fected females had lower attachment rates (Table 1) . Overall, repletion rates were fairly low. This is in part related to the model system as only 46% of uninfected females fed to repletion on mice. In general, adult D. variabilis prefer to feed on larger hosts than mice in nature. Between 0 and 24% of infected females fed to repletion (Table 1) . Repletion rates were not compared statistically because of the variety in reasons for why ticks did not feed to repletion. For example, in some instances, transmission occurred shortly after attachment and the mouse was euthanized before blood feeding could be completed. Alternatively, by the Ϸ10 Ð14 d on average that elapsed for females to feed to repletion, some capsules were removed and the ticks were consumed by mice. Among replete females, A1b-infected ticks weighed less and were smaller than uninfected ticks (Table 1) .
Attachment rates for females ranged from 52% for the type B infection group to 86% for the A1b infection group (Table 1) . Transmission rates were determined only for mice that were exposed to a female that attached to the mouse and was subsequently conÞrmed to be infected with F. tularensis. In several instances, ticks were either consumed by the mice or were damaged by the mice and could not be tested.
Similar rates of transmission were observed among infection groups (Table 2; 2 ϭ 4.24, df ϭ 2, P ϭ 0.120) and ranged from 58% (7/12) for type B-infected females to 89% (20/23) for A2-infected females. In all cases, transmission of F. tularensis from tick to mouse was conÞrmed by direct immunoßuorescence and culture; no mice were conÞrmed positive by serology. Median bacterial loads in replete D. variabilis adults differed among F. tularensis groups such that they were signiÞcantly higher in A1b infected ticks compared with A2-or type B-infected ticks (Table 2; 2 ϭ 7.62, df ϭ 2, P ϭ 0.02). Within each infection group, no signiÞcant differences in median bacterial loads were detected between infected ticks that did or did not transmit F. tularensis to sentinel mice ( 2 Յ 3.13, df ϭ 1, P Ͼ 0.08).
The number of days elapsed from when infected females were placed on the mouse until the mouse showed signs of tularemia and was euthanized was similar among infection groups (mean [SD]) for A1b, A2, and type B: 12.3 d (0.79), 10.1 (0.76), and 11.89 (0.89), respectively. Mice displayed signs of infection and were euthanized as early as 4, 6, and 8 dpi for A2, A1b, and type B, respectively. Transmission rates also were determined for mice that presumably consumed the ticks (e.g., those who removed capsules and ticks were not found in the water beneath the mesh cage bottom), but statistical analyses were not performed due to small sample sizes. The percentage of ticks that transmitted F. tularensis based on the number that consumed ticks ranged from 67% (8/12) for A1b to 100% for type B (9/9); the A2 infection group was intermediate (80%, 4/5). In cases where the ticks were not recovered and mice became ill, it is unknown whether transmission was truly the result of consumption or whether it might have been due to initial attachment of the tick and transmission by tick bite given that our results indicate that transmission can occur shortly after attachment.
Discussion
To our knowledge, this is the Þrst study to demonstrate efÞcient transmission of F. tularensis A1b, A2, and type B by adult American dog ticks. Similar to a previous study that evaluated transmission efÞciency of the same bacterial strains by D. variabilis nymphs , we observed acquisition of bacteria by immature ticks followed by efÞcient tran- a Median bacterial loads are given for replete and nonreplete ticks that were removed from the adult.
stadial transmission. However, in contrast to that study, which reported signiÞcant pathogen-induced nymphal mortality and little or no transmission, survivorship of adults seems to be minimally impacted by F. tularensis infection and transmission efÞciency ranged from 58% for type B-to 89% for A2-infected adults. Furthermore, we showed that transmission can occur very shortly after attachment. These Þndings imply that D. variabilis females may play a signiÞcant role in epizootic transmission of F. tularensis and as a bridging vector to humans. Males may also play a signiÞcant role as vectors but were not evaluated in this study. The contrast in survivorship and transmission efÞ-ciency between the nymphal ) and adult life stages is striking, and the explanation for why this was observed is elusive, because the exact mechanism by which transmission occurs is not well deÞned nor understood. Although not addressed in our experimental design, we speculate that intracellular replication of F. tularensis causes signiÞcant cell damage in both nymphal and adult ticks. However, because of their larger size, these effects may be less severe in adults. Tick size does inßuence their reaction to various kinds of stress (Randolph 2004) . In this case, adult female ticks may be able to resist the stress of pathogen infection with F. tularensis more successfully than nymphs due to their larger size and greater fat body or energy reserves.
Although our study did not seek explicitly to determine the duration of time a tick must feed for transmission to occur, our results show that transmission can occur very shortly after attachment. Based on needle inoculation studies with the same bacterial strains used in this study, Swiss Webster mice inoculated with 100 cfu typically display overt signs of infection 3Ð 4 dpi (Eisen et al. 2009 ). In our study, although the average time from when infected females were placed on mice until clinical signs of tularemia were observed in mice was Ϸ11 d, we observed that mice could become symptomatic as early as 4 d after attachment. Thus, if it is assumed that transmission typically occurs as early as 3 dpi and we observed signs of infection 4 d after attachment, we conclude that in some instances, transmission may occur within 1 d of attachment.
Understanding the temporal dynamics of F. tularensis transmission by D. variabilis adults is key to assessing personal risk of exposure after a tick bite and for crafting an appropriate strategy for the prevention of tick-borne tularemia. For Lyme disease, timecourse studies revealed that transmission of Borrelia burgdorferi does not occur until the second day of attachment by Ixodes scapularis Say nymphs (the life stage associated with most human cases) and then the probability of transmission increases with time attached (Piesman et al. 1987 , Piesman 1993 , des Vignes et al. 2001 , Hojgaard et al. 2008 . Thus, in addition to recommending avoidance of tick bites (e.g., use of personal protection against ticks, tick reduction by landscape modiÞcation or use of acaricides, avoiding risk areas during periods of host-seeking activity) frequent tick checks and prompt tick removal are frequently recommended for the prevention of Lyme disease . Although most of these recommendations are transferable to tularemia prevention, our results show that transmission can occur shortly after attachment; thus, prompt removal of D. variablis adults may reduce but not eliminate the chance of F. tularensis transmission. Precise experiments, however, testing the exact relationship between tick attachment duration and transmission are still required.
Humans are at greatest risk of exposure to F. tularensis during epizootics, or periods of rapid spread. The observation that adult D. variabilis can transmit F. tularensis shortly after attachment and kill their host before feeding to repletion, suggests that infected adults could play a role in perpetuating epizootics as infectious ticks could drop off of hosts that died of infection and continue to feed on (and potentially infect) a second host. For each host that becomes bacteremic, there is the potential for infecting nearly all of the ticks infesting that host, which increases epizootic potential and the probability of contact between infected ticks and humans. A similar hypothesis was put forth for epizootic transmission of F. tularensis by Dermacentor parumapertus Neumann larvae and nymphs (Allred et al. 1956 ).
Despite high transmission efÞciency of F. tularensis by D. variabilis, infected D. variabilis are not commonly collected from tularemia endemic areas (Parker et al. 1952 , Hopla 1953 , Calhoun and Alford 1955 and when infections are found, infection prevalence is commonly Ͻ1% (Green 1931 , Burgdorfer et al. 1974 , Goethert et al. 2004 ) and occasionally slightly Ͼ1% (Saliba et al. 1966, Goethert and Telford 2009) . There are several possible explanations to reconcile this observation with the Þnding of efÞcient transmission by D. variabilis adults. First, F. tularensis is highly virulent within its vertebrate hosts, thus the susceptible population is quickly depleted during an epizootic making contact rates between vectors and hosts inadequate to maintain long-term transmission. Second, host preferences differ between adults and immature life stages (Smith et al. 1946) , so the likelihood of nymphs acquiring infection from a host infected by an infectious adult is slim except perhaps during epizootics when some of the preferred hosts may suffer high mortality, which forces ticks to Þnd alternative hosts. Finally, transovarial transmission has been demonstrated in previous experiments (Phillip and Jellison 1934) , but the efÞciency is quite low. Given the high mortality suffered by infected nymphs , it is unlikely that even if this mechanism of transmission were efÞcient that it would result in high numbers of infected adults. Some tickÐ pathogen relationships are well developed, wherein microorganisms go through various developmental changes to maximize their transmission by tick vectors. The protozoan Babesia microti produces an exquisite organelle called the arrowhead that allows it to penetrate the tick midgut and maximize transmission by I. scapularis (Rudzinska et al. 1983) . Similarly, B.
burgdorferi, the Lyme disease spirochete, changes its surface coat during transmission by I. scapularis from outer surface protein A to C (Schwan and Piesman 2000) . Both Babesia microti and B. burgdorferi cause little or no mortality in their tick vectors. One could speculate that Babesia and Borrelia have become adapted to tick transmission over eons whereas F. tularensis, like Rickettsia rickettsii (Niebylski et al. 1999) , which are both highly pathogenic to their tick hosts, are still undergoing adaptation to transmission by ticks. That F. tularensis also is transmitted by other means (contact transmission, food ingestion, or insect transmission) supports the idea that they have only recently adapted to tick transmission.
We observed that D. variabilis adults were similarly efÞcient at transmitting A1b, A2, and type B infections. Previous epidemiological analyses of human F. tularensis isolates delineated a geographic segregation of these infection groups with A2 absent from much of the D. variabilis range (Farlow et al. 2005 , Staples et al. 2006 . Our results suggest that differential vector efÞciency of A1, A2, and type B by D. variabilis adults is not the explanation for such segregation. It is unclear whether the lack of A2 infections in the eastern United States is related to divergence of these clades occurring in communities west of the Rocky Mountains without reintroduction to the eastern states, or differences in the vertebrateÐvector community structures between areas where A2 does and does not circulate.
In conclusion, many questions remain to be answered regarding the mechanism of tick-borne transmission of F. tularensis, temporal variation in transmission efÞciency, and understanding the ecology of tularemia. However, our study demonstrates that D. variabilis adults are efÞcient vectors of A1b, A2, and type B and that transmission can occur shortly after infection. Although infection rates are typically quite low in host-seeking populations, because of its propensity to bite humans, high transmission efÞciency and ability to transmit bacteria shortly after attachment, D. variabilis adults are able to serve as bridging vectors to humans.
